Much work, using both histochemical and standard biochemical techniques, has been carried out on the phosphatases of peripheral nerve. It is known that this tissue contains both alkaline (Landow, Kabat, and Newman, 1942) and acid phosphatases (Wolf, Kabat, and Newman, 1943) , and the changes in the levels of these enzymes in nerves undergoing Wallerian degeneration following transection have been studied by several groups of investigators (see Hollinger, Rossiter, and Upmalis, 1952) .
Phosphatase activity in brain was first demonstrated by Kay (1928) , and in 1934 Edlbacher, Goldschmidt, and Schiiippi, using ox brain, showed that both acid and alkaline phosphatases are present in this tissue. Since that time the phosphatases have been studied in the brains of the rat, dog, sheep, rabbit, and man by a number of workers (Giri and Datta, 1936; Fleischhacker, 1938; Gordon, 1950; Reis, 1951 ;  Naidoo and Pratt, 1951 ;  Soulairac and Desclaux, 1951 ; McNabb, 1951 ; Pratt, 1953; Lowry, Roberts, Wu, Hixon, and Crawford, 1954) . Few reports, however, are available on the distribution of the phosphatases in the grey and white matter of the brain. In dog brain McNabb (1951) has shown that both acid and alkaline phosphatases are more plentiful in grey matter than in white, but little work on their localization in human brain has so far been reported. Furthermore, most of the studies on phosphatases have been carried out using either oc-or ,3-glycerophosphate as substrate, or else with such unphysiological esters as phenyl phosphate, oc-naphthyl phosphate, or phenolphthalein phosphate. Since, however, break-up of the fatty myelin sheath is one of the outstanding changes in the lesions of multiple sclerosis and the other demyelinating diseases, it would seem desirable to obtain more knowledge concerning the enzymic reactions associated with myelin synthesis and degradation. It Plimmer and Burch (1937) had earlier reported that phosphoryl choline and phosphoryl ethanolamine are hydrolysed by the phosphatases of bone, kidney, and intestine, but thepH at which the hydrolyses were carried out was not given. In a later paper (Plimmer, 1941) it was reported that phosphoryl serine is hydrolysed by kidney and intestine phosphatase at pH 6&5. Roche and Bouchilloux (1947) have also stated that phosphoryl choline and phosphoryl ethanolamine are split by both acid and alkaline phosphatases; they used dog liver and intestine and beef kidney as enzyme sources, and showed that at pH 9 these esters are split at about the same rate as glycerophosphate. At pH 5-6, and using dog liver, human prostate, and beef kidney as enzyme sources, they also obtained splitting of these substrates, but at a lower rate than glycerophosphate. We have been unable to find any account of the action of phosphatases of the nervous system on either phosphoryl ethanolamine or phosphoryl serine. Baccari (1948) , however, has studied the hydrolysis of phosphoryl choline by preparations of both horse intestine and brain; he found that it was rapidly hydrolysed by the alkaline phosphatase (pH 10 to 11) but that it was unaffected by the acid phosphatase.
In addition to reporting on the action of the phosphatases of the human brain on these lipid phosphate esters, a few observations are also described on the distribution of acid and alkaline phosphatases in certain areas of the central nervous system in man.
Since it is not possible on present evidence directly to relate the chronic nerve degeneration (Barnes and Denz, 1953; Cavanagh, 1954) produced by tri-ortho-cresyl phosphate, diisopropylfluorophosphonate (D.F.P.), and certain other inhibitors of the cholinesterases to an inactivation of these enzymes in the nervous system (Davison, 1953; Thompson, 1954) , it was felt that the action of these compounds should also be studied on other esterases. Although Webb (1948) 3 ml. H20) of cortical grey matter, basal ganglia, subcortical white matter, corpus callosum, and spinal cord (lumbar region) were prepared as described by Webster (1954) . These homogenates were dialysed in sausage skin sacs against distilled water at 0 to 40 C. for 20 to 24 hours. The dialysed homogenates were then either used directly for phosphatasc assays or were acetone dried. Acetone-dried Preparationis.-Dialysed homogenates of cortical grey and subcortical white matter were treated with 4 volumes of ice-cold acetone. The precipitate was centrifuged down and resuspended in ice-cold acetone. The precipitate was filtered off under suction and dried in air with the aid of a small volume of ether. This dried powder was dispersed in water (a weight equivalent to 250 mg. fresh wt./ml.) 15 minutes before it was to be used as a source of phosphatase.
Buffers.-All buffers were adjusted to the desired pH with the Cambridge pH meter. 0-2M Acetatebufferwas used for the pH range 4-5 to 5-9. 0-2M Glycylglycine. This buffer was used for the pH range 6-5 to 8-0.
0-2M Carbonate-bicarbonate. This buffer was used for the pH range 8-0 to 10-0.
Substrates.-Stock solutions (0-15M) of each substrate were prepared. For phosphatase assays 0-2 ml. of this stock solution was added; for a final volume of 3 ml. this gives a concentration of 10-2 M.
The following substrates were used Incubation and Sampling.-For each experiment stoppered tubes were set up containing 1-5 ml. of buffer, 0-5 ml. of enzyme preparation, 0.1 ml. 0-03M MgCI 2, and 0-7 ml. water (0 9 ml. water for tubes containing no substrate). The tubes were warmed to 380 C. and then 0-2 ml. of substrate was added to each tube. One-millilitre samples were taken immediately following addition of the substrate and after 60 minutes incubation with shaking at 380C. Each sample was added to 1-5 ml. 8-3% trichloroacetic acid in order to stop the enzyme reaction and to precipitate the protein.
The precipitate was centrifuged and a portion of the supernatant was used for the inorganic phosphate analysis.
Estimation of Inorganic Phosphate.-Inorganic phosphate (ortho) was estimated according to the method of Ernster, Zetterstrom, and Lindberg (1950) . One millilitre of the above supernatant was added to a stoppered tube containing 5 ml. 1: 1 isobutanol : benzene, 3 5 ml. 5% trichloroacetic acid, and 0-5 ml. 60% perchloric acid. Then 0-5 ml. of 10% ammonium molybdate was added and the tube stoppered and shaken vigorously for 30 seconds; 2 ml. of isobutanol benzene layer containing the phosphomolybdic acid complex were then diluted to 6 ml. with acid alcohol (32 ml. concentrated H2SO/1. absolute ethanol). group.bmj.com on November 7, 2017 -Published by http://jnnp.bmj.com/ Downloaded from of different areas of grey (cortical grey matter and basal ganglia) or white matter (subcortical white and corpus callosum). However, as can be observed from the ratios of 2-1 and 4-6 for the means of the acid: alkaline phosphatase activity of grey and white matter respectively, there is much more acid phosphatase than alkaline phosphatase in each tissue. The results for spinal cord are very similar to those for white matter, there being a much more active acid phosphatase than alkaline phosphatase. At pH 8-9, mean activities of 726 for grey matter and 261 for w-hite matter were obtained using phosphoryl ethanolamine. These values are very similar to those obtained for phenyl phosphate (Table I) . The effects of the two " demyelinating " anticholinesterases and of eserine on the acid and alkaline phosphatases of human brain, using both phenyl phosphate and phosphoryl ethanolamine as substrates, are shown in Table III . It will be seen that none of these inhibitors exerted any significant effect on either type of phosphatase. (1950) and Reis (1951) that both acid and alkaline phosphatases are present in human brain. It is clear, however, that the observed levels of each of these enzyme activities depend very markedly on the substrate used for their measurement. This is particularly so in the case of the acid phosphatase; thus, while the glycerophosphates are split more slowly than the aromatic esters, the lipid phosphate esters are hardly attacked at all. These latter esters would, therefore, seem to be selective substrates for the alkaline phosphatase of nervous tissue. As pointed out earlier, Baccari (1948) described a similar inactivity of the acid phosphatase of horse brain towards phosphoryl choline, and we have shown that, with human brain, this applies also to the ethanolamine and serine esters, and probably also to inositol monophosphate.
It will be seen that our study of the distribution of the phosphatases in different areas of the human brain has been limited to a very few regions. Nevertheless, we have not found any obvious difference between the two areas of grey or of white matter which we have investigated. From this preliminary survey it is apparent that our finding of a higher acid: alkaline phosphatase ratio in white matter than in grey supports the conclusion reached by Hollinger and others (1952) for cat sciatic nerve that the alkaline phosphatase is mainly neuronal in situation whereas the acid phosphatase is a sheath component, and suggests that in the central nervous system the latter enzyme is possibly associated with glial structures.
The experiments with the anti-cholinesterases indicate that levels of D.F.P. and T.O.C.P. higher than those that are likely to be found in the nervous system of animals poisoned by " demyelinating " doses of these compounds produce no inhibition of either type of phosphatase. This would seem to rule out any inactivation of brain phosphatases as a cause of the nerve degeneration produced by these anti-cholinesterases. Summary The effect of brain phosphatase preparations on a number of " lipid phosphate esters" has been studied.
It has been found that at pH 8-9 the alkaline phosphatase of human brain hydrolyses phenyl phosphate, ax-naphthyl phosphate, phenolphthalein phosphate, oc-and 3-glycerophosphate, and the phosphate esters of choline, ethanolamine, and serine at approximately the same rate.
The acid phosphatase of human brain, on the other hand, while strongly active against the aromatic phosphate esters, hydrolyses oc-and f-glycerophosphate relatively slowly and has virtually no effect on the lipid phosphate esters.
A crude preparation of inositol monophosphate has also been used as a substrate; like the other lipid phosphate esters this compound appears to be hydrolysed only by the alkaline phosphatase.
The acid: alkaline phosphatase ratio is considerably higher in white matter than in grey.
High concentrations of two " demyelinating" anti-cholinesterases (diisopropylfluorophosphonate and tri-ortho-cresyl phosphate) have been shown to cause no inhibition of either acid or alkaline phosphatase of human brain.
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